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Dietary iodine is important to human health and both low and high iodine intake levels increase the risk of disease. Seaweed is rich in iodine and it is a common component in both Asian and in Arctic cuisines. While the intake and impact is known for Asian people, data are lacking for Arctic people. We aimed to (a) measure iodine content of dietary seaweeds in Greenland, (b) estimate iodine absorption, and (c) assess the impact on iodine intake in Arctic people. A hunter in East Greenland donated household seaweed for (a) measurement of iodine content, and (b) ingestion of 45 grams by each of eight individuals with subsequent urine collections. (c) In Ammassalik, 96% of 50-69 year old Inuit reported on the frequency of intake of seaweed and provided a spot urine sample for iodine measurement. Seaweed species provided were Chondrus crispus and Ascophyllum nodosum. (a) The iodine content was 47 mg/g and 102 mg/g respectively. (b) An estimated 1.1 and 1.9 mg of the ingested 2.1 and 4.6 of iodine in seaweed were excreted in the urine within two days. (c) More than two in three Inuit reported some dietary use and 41% (109 of 268) reported a weekly intake of dietary seaweed, which associated with iodine excretion. In conclusion, the iodine content of edible seaweeds in the Arctic is very high and bioavailable. Dietary intake contributed to the recommended iodine intake level but marked variation in iodine excretion calls for evaluation of the impact on thyroid function.








   Iodine is an essential micronutrient in all animal species, including humans, because it is mandatory for thyroid hormone production (1). Both long-term iodine deficiency and iodine excess associate with an increased risk of disease (1, 2, 3, 4). In addition, an acute excess intake of iodine may adversely affect the thyroid (5).
   The discovery of the element iodine came from treatment of seaweed (6), and seaweed has been a common constituent of traditional diets of coastal dwelling people worldwide in addition to its use in medicine (7). In Japan, seaweeds are still today high status foods used in a variety of dishes. It results in a very high iodine intake in Japan (8) and elsewhere in Asia (7, 9). This excessive iodine intake from edible seaweed is associated with the occurrence of thyroid disease in Asian populations (3, 4).
   Arctic people live in coastal regions and traditional Inuit food items have a high iodine content (10) that provide a high normal iodine intake (11). Thus, Arctic populations are at risk of the negative effects of high iodine intake from seaweed consumption. However, organically bound iodine compounds may not be fully bioavailable and a description of the iodine content and bioavailability from edible seaweeds in the Arctic is lacking. Furthermore, it is important to assess the seaweed consumption among the Inuit and assess its relationship to iodine excretion.




   The study comprised of three parts. First, measurement of iodine content in edible seaweeds being consumed in an actual Arctic household. Second, a trial to describe the absorption of iodine from these seaweeds. Third, a cross-sectional population-based study of the frequency of dietary use of seaweed and its relation to urinary iodine excretion in an Arctic population from which the edible seaweeds were provided.
 
Seaweed collection and preparation
   Two species of dietary seaweed was supplied by a hunter in Ammassalik district in East Greenland. These seaweed species are intermittently available at the local market (kalaalimineerniarfik) in Tasiilaq in East Greenland and used for dietary purposes. A recent harvest of two edible seaweed was donated from the stock of a hunter, who had collected this for his own households dietary use. The species were commonly collected and used for dietary purposes. Thus, the seaweeds included represent that available for the local diet.
   Samples were kept at -20 0C until analysis. The seaweeds were grated and thawed before alkaline incineration and determination of iodine content.
   Seaweeds used for the study of bioavailability were kept cold and ingested within days after harvest in order to portray the local dietary use of seaweeds. 

Seaweed ingestion and spot urine collection
   Eight Caucasians ingested 45 grams of seaweed each: four had Chondrus Crispus (CC) and four had Ascophyllum Nodosum (AN). One had some nausea shortly after ingestion and one suspected a diuretic effect the subsequent 24 hours while six enjoyed the seaweed snack. None took iodine-containing supplements for the duration of the study. 
   Morning spot urine samples were collected at 08.00h both the day before and one hour prior to ingestion. Seaweed was ingested at 09.00h on day 1. Subsequent spot urine samples were collected day 1 at 15.00h and 20.00h, day 2 at 08.00h and 20.00h, day 3 at 08.00h, and day 8 at 08.00h. All participants provided a spot urine sample at the time point scheduled. This study of bioavailability was conducted subsequent to the population study described below.

Procedures for the population study
   The Inuit population and procedures have been described in detail previously (11). In brief, 50 to 69 year old men and women recorded living in Tasiilaq, or one of the settlements Tiniteqilaaq, Sermiligaaq, Kulusuk or Kuummiut in Ammassalik district were invited (table 2). Names and addresses were obtained from the National Civil Registration System, in which every person living in Denmark, the Faroe Islands and Greenland is registered. For practical reasons, settlements with less than 15 inhabitants in the selected age group were not included.
   Participants were interviewed by a Greenlandic interpreter or by one of the investigational doctors, completing a food frequency questionnaire in either Danish or Greenlandic as relevant for the participant. Information regarding frequency of intake of seaweed was detailed in the questionnaire providing the following categories of intake: daily, 4-6 times weekly, 1-3 times weekly, 2-3 times monthly, rarely or never.
   A spot urine sample was collected at the visit. Urine samples were stored at -20 0C until analysis.
   Ethical approval by the Commission for Scientific Research in Greenland was obtained prior to the commencement of the study (J.nr. 505-31). All subjects gave informed written consent in Danish or Greenlandic by participant choice.

Iodine and creatinine measurement
   Iodine was determined by the ceri/arsen method after alkaline ashing (12) as described previously (11, 13). The principle is alkaline incineration of the sample followed by measurement of iodine by detection of the catalytic role of iodine in the reduction of ceric ammonium sulphate in the presence of arsenious acid. Urinary creatinine was determined by a kinetic Jaffé method (14). Iodine was measured on two separate samples of each species of seaweed. Urinary iodine excretion was expressed as urinary iodine/creatinine excretion to correct for dilution (15).

Statistics
   Mann-Whitney and Kruskall-Wallis tests were used for comparison of median values and trends. Bartlett’s test was used to compare variances. A p value of less than 0.05 was considered significant. Data were processed and analysed using Corel Quattro Pro X3 and the statistical package for the social sciences version 13.0.

Results
   Table 1 gives the characteristics of the two types of commonly available dietary seaweeds in East Greenland. The iodine content was 102 and 47 mg iodine/g seaweed for AN and CC respectively.

Bioavailability of iodine in seaweeds
   The eight participants ingested 45 grams of seaweed snack each equal to 4.6 mg of iodine in the AN group and 2.1 mg of iodine in the CC group. 
   The urinary iodine excretion was similar at the two urine samples prior to seaweed ingestion. It increased markedly in both groups immediately following seaweed ingestion (Kruskal-Wallis: AN, p=0.001; CC, p<0.001) (figure 1). It was around half of the peak value by the next morning and had come down to pre-ingestion values by the morning on day-3 and with no further change by day-8. 
   The total urinary iodine excretion over the 3 days subsequent to the seaweed snack was calculated to be 1.94 mg in the AN group and 1.06 mg in the CC group. This was equal to 42% and 50% of the ingested iodine from AN and CC respectively.

Population-based cross-sectional study
   The participation rate was 96% and table 2 provides participant selection and inclusion in the population study. Figure 2 illustrates that 70% of Inuit included seaweed at some time in their diet and that 22% including seaweed weekly. Urinary iodine excretion differed between Inuit who included seaweed in the diet at different frequencies as depicted in figure 3. It was higher among Inuit with the frequent intake of seaweed, and the number of individuals with excessive iodine excretion (above 400 & 500 μg/g creatinine) was higher in this group (p= 0.027 & 0.021). In addition, variance in urinary iodine excretion differed markedly between the seaweed intake groups (p<0.001). 

Discussion
   We measured iodine content of all dietary seaweeds present and available at the household of a hunter in Ammassalik district in East Greenland. These are thus seaweeds actually used for dietary purposes. The iodine content of 102 and 47μg/mg seaweed was high and excessive compared to the iodine content of other marine food items from East Greenland (10). The intake of these seaweeds had a major impact on urinary iodine excretion. Urinary iodine excretion differed between the two groups according to the iodine content of the seaweed species, and the iodine ingested was excreted within 36 hours. These data illustrate marked fluctuations in iodine excretion that is in accordance with the distinct difference in variance between the population groups that included seaweed in the diet compared to those who did not. The variation was an add-on to the marked association between reporting dietary seaweed intake and average urinary iodine excretion in that population.

Seaweed iodine content
   This is the first reporting of measurements of iodine content of dietary seaweeds from the Arctic. One the one hand the number of seaweed samples was limited but on the other hand they were collected from an Arctic household. A hunter took this from his own stock of food supplies and only these two species were harvested and included in the diet. This demonstrated that they contributed to the diet in Greenland. In addition, these seaweeds were available for purchase at the local food market when harvesting was possible.
   The iodine content was quite high in both seaweed species. Thus, a mere 1.5 mg and 3 mg of seaweed would provide the recommended daily dietary iodine intake. The iodine content of seaweed is lowered by cooking and it may be lower in dried seaweed leafs (7). Seaweed was ingested as freshly collected for a salad in Arctic Inuit and the iodine content measured here was high. This supports that seaweed contributes to the dietary iodine load on Arctic populations. In addition, the iodine content was comparable to items investigated in other areas (7, 8, 9). Thus, a meal of seaweed salad could be speculated to exceed the tolerable upper iodine intake level (7, 16, 17) if it is fully bioavailable. 

Bioavailability of iodine
   The behaviour of iodine in man was studied thoroughly decades ago with the use of radioiodi​ne (18). A rapid absorption and appearance of iodine in urine was documented as was differenc​es between elemental and organically bound iodin​e. Parallel differences have been found between iodine rich foods (19), and organically bound iodine in drinking water humic substances had a bioavailabilit​y of 85% (20). Similarly, the bioavailabili​ty of iodine in seaweed varied between 60% and 100% in a French-Belgium study depending on the iodine intake level of the population surveyed (21) and it was as low as 33% in encapsulated edible seaweed (22). The participants in our study of bioavailability had a baseline iodine excretion in the range of mild deficiency, and we found a bioavailabili​ty of iodine in Arctic seaweed of around 50%. The lower bioavailabili​ty compared to the Belgium-French study could be related to the heavy iodine load of two to four milligrams of iodine in the snack of raw seaweed in our study. Such dose-dependent absorption is supported by the fact that the seaweed with the higher iodine content had the lower bioavailabilit​y. This could have been confirmed by measuring iodine in stools as they contain between 2 and 20% of iodine depending on whether it was elemental iodide or organically bound (18). However, this was not a scheduled part of our study and these data are not available. Still, the iodine load of the seaweed snack was substantial despite a reduced bioavailabili​ty, and it exceeded the tolerable upper iodine intake (7, 17). Recurrent excessive intake is likely to adversely affect the thyroid. Conversely, it may be speculated that the immediate influence of infrequent intakes is limited and rather support the iodine intake level. However, this remains to be settled.
   Finally, the odd dietary seaweed salad providing excessive iodine intake is likely to cause substantial variation in iodine intake that may influence the thyroid beyond that of a high iodine intake in general. This needs further evaluation on a population level.

Population study
   Inuit in East Greenland were iodine replete based on the intake of iodine rich traditional Arctic food items (10, 11). These are mainly of marine origin and include seaweed. The intake of seaweed is in keeping with observations among coastal dwelling people in other parts of the world (7), where a seaweed-based diet caused excessive iodine intakes. In contrast to these populations, the Inuit surveyed here were merely iodine replete. The food frequency data demonstrated that seaweed was a component of their diet and it is likely that it contributed to the overall sufficient iodine intake. Seaweed may thus be an essential dietary component supporting a sufficient iodine intake in Greenland. 
   Our data showed that 70% had some intake of seaweed while just under 25% reported a weekly intake of seaweed. Thus, seaweed was the odd meal for the majority. This conforms to our finding of a marked difference in variance in urinary iodine between the different seaweed frequency groups. Seaweed augmented the variation in iodine intake in addition to contributing to the iodine intake level. Variation in urinary iodine excretion has been described and related to differences in dietary intake of food items of lower iodine content than seen here, and the individual CV of urinary iodine excretion varied between 20% and 70% in such populations (23, 24). The relationship between variation in iodine intake and thyroid function has been described for populations with such variation (23). The marked fluctuations in iodine intake seen here may adversely affect the thyroid by intermittently either blocking thyroid hormone production or enhancing thyroid hormone secretion depending on the previous iodine intake levels (21, 23). Indeed, data on the relationship to thyroid function in these populations are warranted.
   A weakness of the study was the limited number of seaweed species included. However, those included were supplied by a hunter who took it from his own stock, and he donated a sample of all seaweed species harvested and available for the diet in East Greenland. Furthermore, these seaweeds were available at the local food market. The absorption was tested on a limited number of subjects but the iodine content was high and the results were clear. In addition, the group included in the intervention study did not overlap with participants in the population-based study that had a participation rate of 96%. A final strength is the three different pieces to the puzzle on iodine nutrition in the Arctic, and the fact that the results from each of the pieces fitted together to portray the influence of and contribution by seaweed in the diet to the iodine intake in the Arctic population.
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Iodine excretion among people living in Ammassalik district in East Greenland. Data are provided for each of the groups reporting different seaweed intake frequencies. 




